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[57] ABSTRACT 
The body of a micromachine has a plurality of energy- 
power converting means for receiving different forms 
of energy including rays, microwaves and sound waves 
and converting the different forms of energy to electric 
power, i.e., photoelectromotive devices, a microwave- 
power converter and an acousto-electromotive device. 
The electric power obtained by these means is supplied 
to a drive system and an operation system incorporated 
in the machine body. 

9 Claims, 8 Drawing Sheets 
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for the machine to perform the intended operation, such 

MICROMACHINES as pipe wall inspection, at the position. 

Although a majority of light energy remaining un- 

FIELD OF THE INVENTION converted to power by the photoelectromotive devices 

The present invention relates to micromachines 5 changes into heat, there arises the problem that the heat 

which are several millimeters or smaller in size, and generated is confined within the micromachine because 

more particularly to micromachines which are adapted tne micromachine has a very small outer wall surface 

to receive supplies of energy from outside without using area for dissipating heat and highly integrated mecha- 

any cable. nisms and electronic circuits. This results in a rise in the 

™ . „„ „ „ 10 internal temperature to lower the power conversion 

BACKGROUND OF THE INVENTION eff - lciency of ^ e photoelectromotive devices and is also 

In recent years, so-called micromachines have been likely to entail a malfunction of the electronic circuit for 

proposed which are several millimeters or smaller in performing the contemplated function or operation of 

size, and various research and developing efforts have the micromachine. 

been made for introducing micromachines into actual 15 „ „„ , 

use . SUMMARY OF THE INVENTION 

Heretofore known as the methods of driving mi- An object of the present invention is to provide an 
cromachines are the cable method wherein a cable is electric power system which is unlikely to result in a 
used for supplying energy (electric power) and control power shortage for use in cableless micromachines. 
signals from outside to the body of the machine which 20 Another object of the present invention is to provide 
has various actuators, and the cableless method wherein a micromachine which is adapted to prevent heat from 
control signals only are wirelessly fed from outside to being confined in its interior by reducing the rise in the 
the machine body which is internally provided with a temperature of photoelectromotive devices and the 
battery or hke energy source „ internal circuit. 

When having the cable, the micromachine has an 25 ^ nt mvention provides a micromachine 
energy source outside of its body. This leads to the which has moumed on the ^ ibema a luralit of 
advantage of making the machine body compact and energy-power converting means for receiving different 
affording greater freedom m desigmng the rmcroma- form T 0 ^e nergy including rays, microwaves and sound 
chine since the amount of drive energy ,s not limited, waves ^ Verting the different forms of energy to 
whereas the cable which is indispensable to the supply 30 2t^c^>v/a amcreni Ionn!> 01 cner »y lo 

of energy imposes limitations on the range of movement P° .■ ,. ... . , 

of the machine as well as on the motion thereof. When f h * ^omaclnne is prodded with 

When cableless, on the other hand, the micromachine means / or accumulating the electnc power obtained 
is movable without limitations, but the need to mount fr ° m . t 1 he energy-power converting means, 
the energy source thereon makes the machine body 35 Wlth the above electnc P° wer s y stem - one of 
larger and heavier to impair the contemplated function energy-power converting means comprises, for exam- 
of the micromachine. P le > photoelectromotive devices which may be pro- 

Accordingly, we have made research on cableless ™ ded over ^ entire surface of the body of the mi- 
micromachines which have no energy source mounted cromachine. Even in this case, the machine body can be 
on the machine body and to which energy is applied 40 additionally provided with another one of the energy- 
from outside cablelessly by applying rays or like elec- P° wer converting means such as a microwave-power 
tromagnetic waves to the machine body. In this case, converter, whereby the micromachine can be supplied 
the surface of the machine body is covered with photo- wi* a large amount of energy in excess of the maximum 
electromotive devices such as solar cells for converting amount of energy to be supplied by rays, 
the electromagnetic waves applied to an electric power. 45 Further when a sound wave generator, for example, 

However, micromachines are compacted to the k disposed in the vicinity of a predetermined position 
greatest possible extent and are therefore limited in the where the micromachine is to perform the contem- 
area for receiving electromagnetic waves (light receiv- plated operation so as to radiate toward the microma- 
ing area). Moreover, solar cells or like photoelectromo- chine rays which are one form of energy, the sound 
tive devices are presently as low as up to about 20 to 50 waves reach the micromachine almost without attenua- 
about 30% in electric power conversion efficiency. tion to supply a sufficient amount of power for the 
Accordingly, if the micromachine is heavily loaded for contemplated operation. 

the function to be performed, it is likely that the electro- Further when the micromachine is provided with the 
motive force of the photoelectromotive devices will be means for accumulating the power as converted by the 
insufficient to meet the power requirement. Further 55 energy-power converting means, the accumulating 
when the micromachine passes through a location means can be charged while the power consumption is 
where rays are not accessible, a temporary power fail- low and can be discharged when required to temporar- 
ure will occur. ily supply a large amount of electric power. 

In the case where the cableless micromachine is in- With the micromachine described, a greater electro- 
serted into a pipe, for example, for inspecting the pipe 60 motive force is available than when all the electric 
wall with a supply of electromagnetic waves to the power is afforded by a photoelectromotive force, hence 
micromachine within the pipe, the source for emitting no likelihood of a power shortage, 
electromagnetic waves is installed at the inlet of the The micromachine embodying the present invention 
pipe, so that the intensity of energy of electromagnetic further comprises a self-locomotive mechanism for 
waves reaching the micromachine decreases with the 65 causing the micromachine to travel through constricted 
inward travel of the micromachine. Even if the mi- portions by itself, and a heat sink having a base end in 
cromachine can be moved to a predetermined position, contact with a heat generating portion inside the ma- 
the electric power available is likely to be insufficient chine body and an outer end projecting outward from 
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the machine body to come mto contact with the wall FIG. 4 is a front view schematically showing the 

surface of the constricted portion. The heat sink can be construction of a piezoelectric actuator; 

provided by a plurality of drive legs for moving the FIGS. 5, (a), (b) and (c) are a series of side elevations 

machine body by kicking the wall surface of the con- showing self-locomotion of the micromachine; 

structed portion. 5 FIG. 6 is a block diagram showing the construction 

The heat produced by the heat generating portion is of a circuit of the micromachine embodying the inven- 

transmitted from the base end of the heat sink toward tion; 

the outer end thereof and dissipated to the wall surface FIG. 7 is a perspective view showing the appearance 
of the constricted portion with which the outer end of of a micromachine having a heat sink; 
the heat sink is in contact. Since the heat generating 10 FIG- 8 is a sectional view showing in detail the con- 
portion and the constricted portion wall surface are struction of a drive leg serving also as a heat sink; 
connected together directly by the heat sink at this time, FIGS. 9, (a) and (b) are diagrams for illustrating heat 
the heat is transferred very efficiently by solid-to-solid dissipating models of the prior art and the present in- 
heat conduction. Thus, the heat can be dissipated more vention; 

effectively than when dissipated spontaneously from 15 10 is a perspective view partly broken away and 

the machine outer wall. showing a micromachine having chemical cells; 

The present invention further provides a microma- FIG. 11 is an enlarged view in section of a photoelec- 

chine which comprises an electronic circuit for per- tromotive device and a chemical cell; 

forming a predetermined operation, photoelectromo- FIG 12 is 311 equivalent circuit diagram of an electric 

tive devices covering an outer peripheral surface of the 20 P ower supply system; 

body of the micromachine, and chemical cells provided FIG - 13 K a SraP h showing the characteristics of the 

inside the machine body and arranged on the rear side photoelectromotive device; and 

of the respective photoelectromotive devices back to FIG 14 is a &*P h showing the characteristics of the 

back to supply an electromotive force from the devices chemical cell. 

and the chemical cells to the electronic circuit. When DETAILED DESCRIPTION OF EMBODIMENTS 

secondary cells are used as the chemical cells, the chem- 4 . . 

ical cells can be charged with the electromotive force of . G I * sh ? ws a mcr omachine 1 wluch is inserted mto 

the photoelectromotive devices. a fjP e9 having a diameter of about 5 to about 10 mm for 



With the micromachine described, a discharge of the „ 2!"°^ a P^rmmed operation such as inspec- 
chemical cells supplies power to the electronic circuit. 30 ?° n ° f j he plpe wa l L ™ e ™naclune 1 is movable 
When secondary cells are used as the chemical cells, an forward or rearward ^the pipe 9 by stretching or 
excess of power during underloading is accumulated Z « ,ntrac ^ on of a P lurautv of dnve ^ 2 the body of 
the chemical cells, such that for example when the e mac e - 

radiation of rays is interrupted, required power I sup! „ J™**"* t0 * e P'f^ embodiment, four different 
plied by discharging the chemical cells. 35 f0nDS ° f f* Tgy > f ' ,aSer beamS ' mlcrowav< *> sound 

When irradiat^ with rays, the photoelectromotive ^ ?L i °, TT^ forces > ^ 88 
devices produce heat, which is nevertheless tnSttri °W£, be ^ t0 ** ™ cromachme from ° utside " 
to the chemical cells and absorbed by the heat"* s^^^^T^T \ "T* J?-*"**" 
of the cells since the chemical cells are arranged in M SwfS f "2? ? to ^ red P° rtl A on P"T 

intimate contact with the rear side of the phoSeS * ^%^^^?^^ 1 T^ Am ^ 

t , t - „ j • „ A ... . phcity of photoelectromotive devices 3 are arranged 

*Tn Z ^ i *e nse m the tempera- over ^ cover the surfaces of the tnmk ^ ^ 

ZrL^^ f ^rTf Sm ^ N ^ m tapered portion for converting to electric power the 

the convention^ arrangement of such devices including laser ^ t0 be supplied fron f outside ^ J£ chine . 

n ° T f ; eml ™ "7, . . . „ „ 45 The machine body has a plurality of diffraction grat- 

JZZ ; ^ Cel f- a ingpanels30projectingfromtheboundary betweefthe 

higher utdization rate of the posrtive electrode with a tubular portion ^ the te d ^ toward ^ 

"f m temperature. The nse m the temperature of the ^ waU of the pipe 9> whereb ^ ^ advancing 

chemical cell due to the heat produced by the photo- toward the space the ; ^ ^ ^ 

electromotive device therefore permits the discharge of 50 Jar portion axially of the pipe is refracted toward the 

the chemical cell for a longer period of time for a con- photoelectromotive devices 3 over the surface of the 

turned power supply even when the radiation of rays is trunk portion as shown in FIG. 2 so that an increased 

m «^?!t • , . amount of light impinges on the devices 3. 

With the micromachine described, the arrangement With reference to FIG. 3, the photoelectromotive 

of chemical cells reduces the rise in the temperature of 55 device 3 is an a-Si solar cell comprising a transparent 

the photoelectromotive devices and the internal circuit electrode 35, a-Si substrate 31 and rear electrode 36 

and ensures a stabilized power supply, thus obviating which are formed in superposed layers over a transpar- 

the conventional problems of circuit malfunctioning ent insulating substrate 37, for example, by the plasma 

and power shortage. CVD process. The a-Si substrate 31 has a known joined 

BRIEF DESCRIPTION OF THE DRAWINGS 60 structure comprising a p layer 32 about 150X 10~ 8 cm 

in thickness, i layer 33 about 5000 to 10000 X 10- 8 cm in 

FIG. 1 is a perspective view partly broken away and thickness and n layer 34 about 500x 10-8 cm m thick- 

showing the construction of a micromachine embody- ness. 

ing the invention; For example in the case where the intensity of inci- 

FIG. 2 is a diagram for illustrating the operation of a 65 dent light is 1 mW/mm 2 , the light receiving area is 50 

diffraction grating plate; mnv 2 ^ the conversion efficiency is 30%, the device 3 

FIG. 3 is an enlarged sectional view showing the produces electric power P of about 15 mW across the 

construction of a photoelectromotive device; transparent electrode 35 and the rear electrode 36. 
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Further with reference to FIG. 1, the micromachine Next as shown in FIG. 5 (c), the front drive legs 2a 
1 is provided at the forward end of its body with an are stretched to bring their outer ends into pressing 
antenna 5 for receiving microwaves providing a second contact with the pipe inner wall, and the rear body 
form of energy. The microwaves received are fed to a portion lb is drawn toward the front body portion la 
microwave-power converter 51 via the antenna. 5 with the rear drive legs 2b in a contracted state. The 

The microwave-power converter 51 comprises, for rear drive legs 2b are thereafter stretched for the ma- 
example, a monolithic microwave IC and affords an chine body to resume the state of FIG. 5 (a). 
output of 24 mW in the case where the electric power of The process described advances the micromachine 1 
microwaves supplied from outside is 2 mW/mm 2 , the by an amount of stretch or contraction L of the machine 
wave receiving area is 20 mm 2 and the antenna effi- 10 body, i.e., the amount of movement, L, of the front 
ciency is 60% . body portion la and the rear body portion lb relative to 

Mounted on the outer wall of the pipe 9 is a sound each other. The micromachine advances continuously 
wave generator 61 for producing supersonic waves by repeating the process. The machine is movable rear- 
serving as a third form of energy. The supersonic waves ward similarly. 

from the generator 61 are radiated into the pipe 9 15 FIG. 6 shows the construction of circuit of the mi- 
through the pipe wall and reach an acousto-electromo- cromachine 1. The output of the photoelectromotive 
tive device 6 projecting from the rear end of the body of devices 3 is fed to a control circuit 81. The output of 
the micromachine 1. The acousto-electromotive device each of the microwave-power converter 51, acousto- 
6 comprises a vibrating plate of piezoelectric material. electromotive device 6 and secondary winding 7 is 
The device 6 produces electric power of 1 mW, for 20 converted by an AC-DC converter 8 to a direct current, 
example, in the case where the intensity of incident which is then fed to the control circuit 81. 
sound waves is 20 mW/mm 2 , the sound receiving area is The control circuit 81 serves to dividedly supply 
25 mm 2 and the conversion efficiency is 0.2%. required electric power to a drive system 11 including 

Further provided around the pipe 9 is a primary the piezoelectric actuators constituting the foregoing 
winding 71 for radiating lines of magnetic force serving 25 self-locomotion mechanism, and an operation system 12 
as a fourth form of energy. On the other hand, a second- for realizing the contemplated operation or function of 
ary winding 7 electromagnetically coupled to the pri- the micromachine 1, such as inspection of the pipe wall, 
mary winding 71 is disposed inside the micromachine 1. The output of the control circuit 81 is fed to a DC-DC 

An ac power supply, when connected to the primary converter 83 for voltage adjustment or the like and fed 
winding 71, induces an electromotive force in the sec- 30 to the drive system 11 and the operation system 12. 
ondary winding 7. For example, the output of the sec- Connected to the control circuit 81 is a battery 82 
ondary winding 7 is adjusted with an input magnetic such as Ni-Cd cell or lithium secondary cell for accu- 
field for the secondary winding 7 of 325 T and a wind- mulating an excess of electric power, 
ing gap of 2 mm. When it is assumed that an Ni-Cd cell When the micromachine 1 receives all the supplies of 
measuring 13.5 mm in diameter and 3.5 mm in length is 35 energy, a maximum output of more than 40 mW is avail- 
to be charged, the arrangement gives electric power of able which enables the machine to perform an operation 
about 3.75 mW. of high load which is difficult to conduct, for example, 

FIG. 5 shows a self-locomotion mechanism for the with the power supply from the photoelectromotive 
micromachine 1. The machine body comprises a front devices 3 only. 

body portion la and a rear body portion lb which are 40 The excessive electric power resulting from under- 
movable relative to each other to render the machine loading is accumulated in the battery 82 under the con- 
body stretchable. The front body portion la and the trol of the control circuit 81, such that the battery 82 
rear body portion lb have projecting from their outer can be discharged for a high load to supply the power 
peripheries a plurality of stretchable front drive legs 2a required. 

and a plurality of stretchable rear drive legs 2b, respec- 45 When the sound wave generator 61 or the primary 
tively. winding 71 of FIG. 1 is made movable to follow the 

FIG. 4 shows a piezoelectric actuator 4 comprising locomotion of the micromachine 1, a higher power 
superposed layers usable as a stretching drive mecha- conversion efficiency can be achieved, whereas the 
nism for the machine body and the drive legs. provision of the battery 82 in the micromachine 1 makes 

The piezoelectric actuator 4 comprises a positive 50 it possible to install the sound wave generator 61 or the 
electrode 41 and a negative electrode 42 which are primary winding 71 in an optional position to provide a 
opposed to each other, and a piezoelectric ceramic power supply station at the position, 
piece 43 sandwiched between these electrodes. When a With the foregoing embodiment, the different forms 
predetermined voltage Vd is applied across the two of energy are used collectively as a common power 
electrodes 41, 42, the ceramic piece 43 stretches or 55 source, but one form of energy can be distinguished 
contracts as indicated in a broken line. from another according to the characteristics of each 

The power for applying the voltage to the actuator 4 form of energy, e.g., according to the voltage value, for 
is afforded by the electromotive force of the above- more efficient use of energy. Further electric power 
mentioned photoelectromotive devices 3. lines are usable as another form of energy. 

The micromachine 1 advances in the following man- 60 FIG. 7 shows another micromachine, for which a 
ner. FIG. 5 (a) shows the machine body as contracted laser beam is used as a form of energy to be applied from 
with the front body portion la and the rear body por- outside, and the surface of the micromachine, indicated 
tion lb drawn toward each other. The front drive legs at 1A, is covered with a multiplicity of photoelectromo- 
2a and the rear drive legs 2b are in a projecting state, tive devices 3 for converting the light energy of the 
with the outer end of each leg in pressing contact with 65 laser beam. The device 3 is an a-Si solar cell of the 
the inner wall of the pipe 9. In this state, the front drive construction shown in FIG. 3. The micromachine 1A 
legs 2a are contracted, and the front body portion la is has a self-locomotion mechanism which comprises the 
moved forward as seen in FIG. 5 (b). stretching drive mechanism shown in FIGS. 4 and 5. 
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FIG. 8 shows a drive leg 2 serving also as a heat sink. 

The body of the machine has incorporated therein an Ql/Q\=\A2/hAlL Equation 3 
electronic circuit 13 for realizing various contemplated 

operations or functions of the micromachine 1 A. The Now, suppose the medium 103 is air, the heat sink 100 

circuit 13 has a surface covered with an insulating film 5 is made of copper, the heat transfer coefficient h is 10 

14 having a thickness of about 1 to about 2 micrometers. W/m 2 K, the heat conductivity X is 400 W/mK, the 

The drive leg 2, which constitutes a piezoelectric length L is 1 X 10~ 4 m, and the area ratio A2/A1 is 

actutator having superposed layers, comprises a piezo- 1 X 10~ 2 . The ratio Q2/Q1 is then 4x 10 3 . 

electric ceramic tube 21 having a base end fixed to the In brief, the construction of the invention shown in 
outer wall 10 of the machine body, an electrically non- 10 FIG. 9 (£>) achieves 4000 times the heat dissipation effect 

conductive contact piece 24 secured to the outer end of attained by the conventional case shown in FIG. 9 (a). 

the ceramic tube 21, and a pair of electrodes 22 and 23 With the micromachine of FIG. 7, the heat produced 

arranged on opposite sides of the ceramic tube 21. The inside the machine body is efficiently transferred to the 

contact piece 24 has an outer-end cylindrical surface inner wall 9 through the drive leg 2 serving also as a 

which is fittable to the inner surface of a pipe 9 in inti- 15 heat sink as described above, hence a sufficiently high 

mate contact therewith. heat dissipation effect. 

The piezoelectric tube 21 providing the drive leg 2 During the locomotion of the micromachine 1A, the 

has inside thereof a stretchable connector 25 having a drive leg 2 repeatedly comes into and out of contact 

base end pivoted to the insulating film 14 of the elec- with the inner wall of the pipe 9. Since the contact state 

tronic circuit 13 and an outer end pivoted to the contact 20 is maintained for a given period of time, a heat dissipa- 

piece 24. The connector 25 is made of a material of high tion effect higher than in the prior art can be obtained 

heat conductivity, such as Cu, Ag, Au, Al or the like. even when heat dissipation only during the contact is 

Accordingly, the heat produced by the electronic considered, 

circuit 13 is efficiently dissipated to the inner wall of the Further even while the drive leg 2 is out of contact 

pipe 9 through the stretchable connector 25 and the 25 with the pipe wall, the peripheral surface of the leg 2 

contact piece 24. Further the heat produced from the serves as a heat disposal surface for the transfer of heat 

photoelectromotive device constituting part of the t0 the surrounding medium. This also produces a heat 

outer wall 10 of the machine unit is dissipated to the dissipating effect. In contrast, the conventional drive 

inner wall of the pipe 9 through the ceramic tube 21 and le S is not in direct contact with the heat generating 

the contact piece 24. 30 portion, so that heat will not be transferred from this 

The connector 25 is free to stretch or contract and portion to the drive leg efficiently, hence a low heat 

therefore will not impede stretching or contraction of dissipation effect. 

the drive leg 2. The leg shown in FIG. 8 includes the stretchable 

The amount of heat dissipated, for example, from the connector 25 as a heat sink member, whereas the heat 

conventional micromachine of the spontaneous heat 35 ^"ik achieves a further improved heat dissipation effect 

dissipation type will be considered with reference to if comprising a forcible heat transfer system wherein a 

FIG. 9 (a) which shows a model wherein Ql is the li( ? uid or like fl °wable heat medium is used. Although 

amount of heat transfer involved in the case where heat the heat sink of the foregoing embodiment is provided 

is dissipated from a heat disposal surface 102 of a heat by the dzive le 8 2 > a heat sink specifically designed as 

generating portion 101 having a temperature of Tl to an 40 such 03X1 ^ separately from the drive leg 2. 

adjacent medium 103 having a temperature of TO. The FIG - 10 sn °ws another micromachine IB having 

amount of heat dissipated from the micromachine of the photoelectromotive devices 3 covering the surface 

present invention will be considered with reference to thereof. The device 3 is an a-Si solar cell shown in FIG. 

FIG. 9 (b) which shows a model wherein Q2 is the Like those already described, the device 3 comprises 

amount of heat transfer involved in the case where heat 45 a transparent electrode 35, a-Si layer 31 and rear elec- 

is dissipated from a heating portion 101 with the tern- trode 36 of aluminum which are superposed in layers 

perature Tl to an outer wall 104 having the temperature over a transparent insulating substrate 37. A terminal 

TO through a heat sink 100. The ratio between the piece 38 of aluminum is formed on the transparent elec- 

amounts of heat transfer Q2/Q1 is calculated as follows. trode 35 ' A P° sit ive output is obtained at the terminal 

First, the amount of heat transfer Ql in the case of 50 piece ' md a negative output at the rear electrode 36. 
FIG. 9 (a) is expressed by Equation 1 given below A chemical cell 140 is provided on the rear side of the 
wherein Al is the area of the heat disposal surface 102, photoelectromotive device 3 in intimate contact there- 
and h is the coefficient of heat transfer from the heat with - ^ 140 fe a lithium secondary cell in the form 
disposal surface 102 to the medium 103. of a planar plate about 1 mm in thickness. As seen in 
55 FIG. 11, an electrolyte layer 143 is sandwiched between 
Q\=hAl{Ti - TO) Equation l a negative electrode layer 142 and a positive electrode 
layer 144, and this arrangement is held between a nega- 
On the other hand, the amount of heat transfer Q2 tive electrode can 141 and a positive electrode can 145 
through the heat sink 100 in the case of FIG. 9 (b) is which are interconnected by insulators 146, 146 to pro- 
expressed by Equation 2 given below wherein L, A2 60 vide a closed structure. 

and X are the length, cross sectional area and heat con- The negative electrode layer 142 is made of lithium 

ductivity of the heat sink 100, respectively. or a lithium alloy. The positive electrode layer 144 

comprises a manganese oxide serving as an active sub- 

£2=^2(71 - T0)/L Equation 2 stance, electrically conductive agent of acetylene black 

65 and fluorocarbon resin binder which are mixed together 

Accordingly, the ratio between the amounts of heat in the ratio (by weight) of 80:10:10 and molded, 

transfer Q2/Q1 is expressed by the following Equation The electrolyte layer 143 comprises a solid high- 

3 - polymer lithium ion electroconductor which is pre- 
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pared by admixing a lithium salt, i.e., LiCK>4, with stability than power supply systems wherein photoelec- 
polyethylene oxide. The cans 141 and 145 are made of tromotive devices 3 only are provided or such devices 
stainless steel. 3 and chemical cells 140 are arranged separately. More- 
Various lithium salts such as LiBF 4 and LiCF3SC>3 over, the heat produced by the devices 3 is blocked by 
are usable in place of LiC104 for the electrolyte layer 5 the chemical cells 140 and almost completely prevented 
143. A polyester, polyimine or the like can be used from being transported to the internal electronic circuit 
instread of polyethylene oxide. 18. This reduces the rise in the temperature of the cir- 
The electrolyte layer 143 is not limited to a solid but cuit 18 and prevents the circuit 18 from malfunctioning, 
a liquid electrolyte such as propylene carbonate or eth- Single-crystal Si solar cells are usable as the photo- 
ylene carbonate is alternatively usable. Also usable is an 10 electromotive devices 3. The chemical cells 140 are not 
electrolyte gel prepared by adding a plasticizer, such as limited to secondary cells but can be primary cells. This 
polymethyl methacrylate or polyacrylonitrile, to such a similarly produces an effect to improve the discharge 
liquid electrolyte. characteristics. 

The photoelectromotive devices 3 and chemical cells The foregoing description of the embodiments is 

140 are electrically connected together as seen in FIG. 15 intended to illustrate the present invention and should 

12 to provide a power supply system. The current from not be construed as limiting the present invention as 

the decides 3 is fed to a load 15, such as the above-men- defined in the appended claims or reducing the scope 

tioned internal circuit, via a reverse flow preventing thereof. Furthermore, the components of the present 

diode 16 and a current limiting resistor 17 and also to machine are not limited to those of the embodiments in 

the chemical cells 140 to charge the cells 140 with an 20 construction but can of course be modified variously by 

excess of electric power. one skilled in the art without departing from the spirit of 

The micromachine IB has a self-locomotion mecha- the invention set forth in the claims, 

nism which similarly comprises the same stretching What is claimed is: 

drive mechanism shown in FIGS. 4 and 5. Piezoelectric 1. A micromachine having an operation system 

actuators 4 the same as those already described are 25 driven by electric power, said micromachine compris- 

incorporated as the load 15 of FIG. 12 into the power ing: 

supply system. a plurality of independent energy power-converting 
With the micromachine IB described, the heat pro- means for receiving each of different forms of en- 
duced by the photoelectromotive devices 3 is transmit- ergy and converting each of the different forms of 
ted directly to the chemical cells 140, the heat capacity 30 energy to electric power, respectively; 
of which suppresses a rise in the temperature of the said energy-power converting means being selected 
devices 3. from the group consisting of a photovoltaic device 
FIG. 13 shows the current-voltage characteristics of operative to convert light energy to electric 
the a-Si solar cell providing the photoelectromotive power, an antenna and a microwave-power con- 
device 3. The graph reveals that with rising tempera- 35 verter operative to convert microwave energy to 
ture, the short-circuit current Isc increases when the electric power, an acousto-electromotive device 
load is zero, but the open-circuit voltage Voc more operative to convert sound energy to electric 
greatly reduces to result in a lower conversion effi- power, and a secondary winding operative to con- 
ciency. For example, when the temperature rises by 1" vert lines of magnetic force to electric power; and 
C, the conversion efficiency decreases by 0.2 to 0.3%. 40 means for supplying the electric power to said opera- 
Accordingly, it is desirable to operate the device 3 at tion system. 

the lowest possible temperature. 2. A micromachine as defined in claim 1 which fur- 
On the other hand, FIG. 14 shows the discharge ther comprises means for accumulating the electric 
characteristics of the chemical cell 140. The graph indi- power obtained from each of the energy-power con- 
cates that the utilization rate of the positive electrode at 45 verting means. 

a constant current value increases with a rise in the 3. A micromachine as defined in claim 1 which has a 
discharge temperature. Presumably, this is attributable body comprising a tubular trunk portion and a tapered 
to the fact that the velocity of moving ions in the elec- portion projecting from a front end or rear end of the 
troltye or in the positive electrode active substance trunk portion coaxially therewith, one of the energy- 
increases with a rise in the temperature. 50 power converting means comprising photovoltaic de- 
Trie increase in the utilization rate of the positive vices arranged over and covering at least the surface of 
electrode means an increase in the discharge time of the the tapered portion of the machine body, 
chemical cell 140, so that required power is supplied by 4. A micromachine as defined in claim 3 wherein the 
discharging the chemical cells 140 even when the gen- photovoltaic devices are arranged over and cover the 
eration of power by the devices 3 is interruped for a 55 surface of the tapered portion of the machine body and 
long period of time. The rise in the temperature also a surface of the trunk portion thereof, and the machine 
reduces the charge time of the chemical cells 140, per- body has optical means projecting therefrom whereby 
mining these cells to fully serve the function of second- light rays traveling toward a space between the surface 
ary cells. of the trunk portion and the inner wall of a pipe axially 
In the case of the micromachine IB, the heat pro- 60 of the pipe are deflected toward the photovoltaic de- 
duced by the photoelectromotive devices 3 is trans- vices over the trunk portion surface, 
ferred to the chemical cells 140 to raise the temperature 5. An electric power system for a micromachine hav- 
of the cells 140, so that the heat capacity of the chemical ing a body and an operation system incorporated in the 
cells 140 reduces the rise in the temperature of the de- body and operative to impart movement to said mi- 
vices 3. Additionally, the discharge characteristics of 65 cromachine inside a pipe, the electric power system 
the chemical cells 140 are also improved. comprising: 

Consequently, the present system realizes power sup- a plurality of independent energy-power converting 

ply with a higher conversion efficiency and higher means mounted on the machine body for receiving 
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each of different forms of energy and converting ergy waves and for converting said energy waves 

each of the different forms of energy to electric to an electromotive force; 

power, respectively; means for supplying said electromotive force to the 

said energy-power converting means being selected electronic circuit; and 

from the group consisting of a photovoltaic device 5 a heat sink provided on an outer peripheral portion of 

operative to convert light energy to electric the machine body and having a base end in contact 

power, an antenna and a microwave-power con- with a heat generating portion inside the machine 

verter operative to convert microwave energy to and an outer end projecting outward from the 

electric power, an acousto-electromotive device machine to contact a wall surface defining the 

operative to convert sound energy to electric 10 constricted portion. 

power, and a secondary winding operative to con- 7. A micromachine as defined in claim 6 wherein the 

vert lines of magnetic force to electric power; heat sink comprises a plurality of drive legs at spaced 

a first energy transmitting source arranged at an inlet locations along said body and means for extending and 

of the pipe and for transmitting energy of light rays retracting said drive legs in a predetermined sequence 

and/or microwaves which advance inside the pipe 15 for moving the machine body by sequentially engaging 

while being reflected on an inner wall surface of the wall surface defining the constricted portion, 

the pipe, and/or, a second energy transmitting 8. A micromachine having a body and an electronic 

source arranged at an intermediate portion of the circuit incorporated therein for executing a predeter- 

exterior of said pipe and for transmitting energy of mined operation, the micromachine being characterized 

magnetic force lines and/or sound waves which 20 in that it comprises photovoltaic devices covering an 

penetrate through a pipe wall into the pipe; and outer peripheral surface of the body, and chemical cells 

means mounted on the machine body for supplying provided inside the body in back-to-back relation on the 

the electric power to said operation system. rear side of the respective photovoltaic devices, and 

6. A micromachine having a body and an electronic means for supplying an electromotive force from the 

circuit incorporated therein for executing a predeter- 25 photovoltaic devices and the chemical cells to the elec- 

mined operation involving travel of said micromachine tronic circuit. 

through a constricted portion, the micromachine com- 9. A micromachine as defined in claim 8 wherein the 

Prising: chemical cells are secondary cells and charged with the 

photovoltaic devices covering an outer peripheral electromotive force of the photovoltaic device, 

surface of the body for receiving transmitted en- 30 ***** 
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